Abstract Motor development and cognitive development in childhood have been found to be fundamentally interrelated, but less is known about the association extending over the life course. The aim of this study was to examine the association between early motor development and cognitive performance in early old age. From men and women belonging to the Helsinki Birth Cohort Study, who were born between 1934 and 1944 and resided in Finland in 1971, 1279 participated in cognitive performance tests (CogState®, version 3.0.5) between 2001 and 2006 at an average age of 64.2 years (SD 3.0). Of these, age at first walking extracted from child welfare clinic records was available for 398 participants. Longer reaction times in cognitive tasks measuring simple reaction time (SRT), choice reaction time (CRT), working memory (WM), divided attention (DA), and associated learning (AL) indicated poorer cognitive performance. Adjustment was made for sex, age at testing, father's occupational status and own highest attained education, and occupation in adulthood. Average age of learning to walk was 12.2 months (SD 2.1). After adjusting for covariates, earlier attainment of learning to walk was associated with shorter reaction times in cognitive performance tasks (SRT 10.32 % per month, 95 % CI 0.48-21.12, p=0.039; CRT 14.17 % per month, 95 % CI 3.75-25.63, p= 0.007; WM 15.14 % per month, 95 % CI 4.95-26.32, p=0.003). People who learned to walk earlier had better cognitive performance in early old age. The earlier attainment of motor skills may track over to early old AGE (2015) 
Introduction
It has been suggested that motor development and cognitive development in childhood are fundamentally interrelated (Diamond 2000) . Motor development in infancy is a continuous process through which a child achieves new movement patterns and learns new motor skill (Gallahue et al. 2012) . Maturation of neural circuits and rapid brain growth is associated with motor development in infancy (Malina 2004; Shenkin et al. 2009; Thelen 1995) . Infancy has been suggested to be one of the critical periods of development for intellectual abilities in subsequent life (Gale et al. 2004; Räikkonen et al. 2009) .
A life course approach to cognitive ageing provides a concept of cognitive reserve, which indicates that certain aspects of the brain structure such as brain size, neural density, and synaptic connectivity, and the function of brain such as efficiency of neural network, can buffer the effects of cognitive ageing (Richards and Deary 2005) . Executive functioning, i.e., the cognitive abilities that control and guide goal-directed performance (Banich 2009 ), include processing speed, visual attention, and working memory. These cognitive domains are supported by prefrontal and frontal areas of brain and have been shown to be most vulnerable in the ageing process (Kramer et al. 1999 , Ren et al. 2013 . They are also significently and independently correlated with functional status in older ages (Royall et al. 2004) .
So far, there are only a few studies that have investigated the association between infant motor development and cognitive functioning in adulthood. In the 1946 British Birth Cohort study, earlier age of learning to stand was found to be associated with better executive functioning in adulthood ). In the Northern Finland, 1966 Birth Cohort study earlier infant motor development was found to be associated with better educational outcomes (Taanila et al. 2005 ) and level of intelligence (Murray et al. 2007 ) in adolescence and adulthood. Further, earlier motor development was found to be associated with increased gray and white matter densities and better executive function in adulthood (Ridler et al. 2006) . However, little is still known about the relationship between early motor development and cognitive functioning in older age. Studying this relationship will further the understanding of early determinants of cognition in older age. The aim of this study was to investigate the association between age at first walking and cognitive performance in early old age at an average age of 64 years.
Materials and methods

Study population
Of 8760 persons belonging to the Helsinki Birth Cohort Study (HBCS) who were born during 1934-1944 in Helsinki and who had attended child welfare clinics and resided in Finland in 1971 (Barker et al. 2005; Eriksson et al. 2001) , random number tables were used to select a subset of 2902 persons for a clinical study. Of the 2003 persons who participated in the clinical study during [2001] [2002] [2003] [2004] [2005] [2006] 1586 participants who were living in the greater Helsinki area were invited to participate in cognitive performance tests. Of them, 1279 persons participated (Paile-Hyvarinen et al. 2009 ). Among them, 398 individuals had valid data on age at first walking. These participants form the analytic sample in this study. Among the participants of cognitive tests, we compared those with and without data on age at first walking. There were no differences between them in birth weight (p=0.847), but slightly more men (p=0.040) had missing data on age at first walking. Participants with missing data on age at first walking were also younger at the time of cognitive testing (p=0.002), and their fathers had more likely higher occupational status (p<0.001) compared with those who had data available. The groups did not differ in adult occupational status (p= 0.641) or cognitive performance (p>0.280). The study complies with the guidelines of the Declaration of Helsinki. The study was approved by the Ethics Committee of Epidemiology and Public Health of the Hospital District of Helsinki and Uusimaa and that of the National Public Health Institute, Helsinki. All participants gave a written informed consent.
Age at learning to walk The age when the child learned to walk without support was asked from the mothers during their visits to the child welfare clinics and was recorded in months. The children visited the welfare clinics on average 11 times between birth and 2 years.
Cognitive performance
Cognitive performance was measured using the CogState (CogState®, version 3.0.5) computerized cognitive test battery. The tasks included in the battery are based on playing cards presented on a computer screen. The level of performance in the test battery does not depend on the language or socioeconomic background of the participant. CogState cognitive test battery has been validated (Maruff et al. 2009 ) and designed to be efficient and sensitive in identifying major cognitive domains such as psychomotor speed, visual attention, working memory, divided attention, and associated learning (Darby et al. 2002) . CogState test battery has shown good reliability with minimal practice effects (Falleti et al. 2006) . Each of the five tasks of the test battery consists of 30 to 50 repeated stimuli, and it takes approximately 15 min to complete the whole test battery. Reaction times were measured in milliseconds, and mean reaction times were calculated for each task. Accuracy of responses was recorded as the number of correct answers divided by the number of all answers given. The five tasks were as follows:
1. In simple reaction time task (SRT) measuring psychomotor speed, participants had to react by pressing the spacebar as quickly as possible whenever a card faced down on the screen was turned face up. This task was repeated 35 times with random time intervals. The SRT task was done twice, first, and last in the test, and the mean reaction time of the two performances was calculated. 2. In choice reaction time task (CRT), measuring visual attention and psychomotor speed participants had to react as quickly as possible by pressing K (Byes^) or D (Bno^) if the turning card on the screen was red. This task was repeated 30 times. 3. In the working memory task (WM) that measured working memory, psychomotor speed and visual attention participants had to react as quickly as possible by pressing K (Byes^) or D (Bno^) if the card showing on the screen was identical to the previous card. This task was repeated 30 times.
4. In divided attention task (DA) that measured divided attention, participants had to monitor five cards on the screen moving randomly between two horizontal lines above and below the cards. Participants were asked to press the spacebar quickly as possible if one of the cards touched the lines. This test was repeated 30 times. 5. In associated learning task (AL) that measured visual learning and memory, participants had to match pairs of cards on the screen. Five pairs of cards were shown on the top half of the screen and one random pair faced down on the bottom half of the screen. When the card pair below these five pairs turned face up, the participants had to press K (Byes^) or D (Bno^) if the pair was identical with one of the pairs above. After matching the pair, the random pair on the bottom half of the screen turned face down, and after this, the participants had to use their memory to be able to produce the right matching. After every match, the pair of cards turned face up, allowing learning during the task. This task was repeated 50 times.
The tasks were performed by 409 participants with data on age at first walking. Of these, 11 participants had invalid result in one, two, or three tests, respectively. These test results were excluded from the analyses.
Covariates
Based on earlier literature, we selected father's occupational status, highest educational attainment, and occupational status in adulthood as covariates (Murray et al. 2007; Taanila et al. 2005 ). Father's occupational status indicated by the highest occupational class was extracted from the child welfare and school healthcare records and was coded as upper middle class, lower middle class, manual workers, or unknown occupation (Central Statistics Office of Finland 1989). Own highest attained education in adulthood was recorded at 5-year intervals between 1970 and 2000 by Statistics of Finland and was categorized into basic or less or unknown, upper secondary, lower tertiary, and upper tertiary. Data on adult occupational status was extracted from the Finnish Population Register Center and was categorized into upper middle class, lower middle class, self-employed, and manual workers according to highest occupational class at 5-year intervals between 1970 and 2000.
Statistical analyses
Student's t test was used for comparing means for normally distributed and Mann-Whitney U test for nonnormally distributed continuous variables, and Pearson's chi-squared test was used for comparing proportions for categorical variables. Linear regression analysis was used to investigate the association between age at first walking and cognitive performance in early older age. The reaction times of the cognitive performance tasks were log 10 transformed in order to normalize the distribution, and standardized values were used in the regression models. The regression coefficients were expressed as percent changes per monthly change in the age of learning to walk with 95 % confidence intervals (CI). Multi-nominal regression analysis was used to investigate the associations between age at first walking and errors made in cognitive tasks.
We tested for the interaction between gender by age at first walking on cognitive performance tasks. A statistically significant association was observed for associated learning task (p=0.042) but not for other cognitive tasks (p>0.172). Based on these findings, we did gender-stratified analyses which revealed that associations between age at first walking and cognitive tasks were parallel except with associated learning task. Thus, we did analyses separately for men and women for associated learning task and pooled by gender for other cognitive tasks. Models were first adjusted for gender and age at cognitive testing, then for father's occupational status and own highest attained education, and finally for adult occupational status. All tests were performed two-tailed, the level of significance was set at p<0.05, and analyses were carried out with SPSS IBM version 22.0 (SPSS, Armonk, NY, IBM Corp).
Results
Characteristics of the study participants (172 men, 226 women) are presented in Table 1 . Average age at learning to walk was 12.1 months (SD 2.1, range 6 to 24 months). Average age at the time of performing cognitive tests was 64.2 years (SD 3.0).
Median reaction times and accuracy of performance in cognitive tasks are shown in Table 2 . We investigated the associations between age at first walking and errors made in cognitive tasks using multi-nominal regression analysis and found no statistically significant associations (data not shown).
The association between age at first walking and each cognitive performance task and regression lines and their 95 % confidence intervals are displayed in Fig. 1 . In the age-and gender-adjusted models, later attainment of learning to walk lengthened the reaction times in all cognitive performance tasks, associations being statistically significant in simple reaction time task (11.0 % per month, 95 % CI 1.14-21.89, p=0.028), choice reaction task (14.8 % per month, 95 % CI 4.43-26.18, p=.004), and working memory task (14.8 % per month, 95 % CI 4.77-25.84, p=.003). Further adjustment for father's occupational status and own maximum attained education (model 2), and for adult occupational status (model 3) did not attenuate the associations (Table 3 ). In the gender-stratified analyses, after adjustments, later attainment of learning to walk lengthened the reaction times in associated learning task for women (18.35 % per month, 95 % CI 3.94-34.77, p=0.011). For men, the association between age at first walking and associated learning task was not statistically significant (data not shown). Further adjustment for gestational age did not change the results. 
Discussion
The main result of the current study was that people who had learned to walk at an earlier age performed better in cognitive tests in early old age. The associations were linear associations and not explained by potential socioeconomic or demographic confounders. Our study thus suggests that timing of motor development in infancy, which has been identified as a period of rapid brain growth, may track over to cognitive performance in early old age. We were, for the first time, able to study these associations from infancy to early old age. We were able to verify that the same trend in the associations between motor development and cognitive ability previous observed to extend to midlife can be found also in older age. Previously, based on data of the 1946 British Birth Cohort, it was observed that the earlier a child learned to stand, the better their subsequent intellectual function at ages 8, 26, and 53 years (Murray et al. 2007 ). In the Northern Finland 1966 birth cohort, those who reached key infant motor milestones earlier had better school performance at 16 years of age and educational attainment at 31 years of age (Taanila et al. 2005) . Earlier motor development in infancy has been found to be linked with better executive functioning and greater gray matter density and white matter volume in the adult brain (Ridler et al. 2006) . Another study from the Northern Finland 1966 birth cohort showed that earlier development in the cross motor domain, measured as the age of learning to stand, was associated with better executive functioning at ages 33-35 years. Furthermore, we have shown earlier in the HBCS data that lower weight, length, and head circumference at birth were associated with lower cognitive ability at age 68 years (Räikkönen et al. 2013) . In all, infancy is a critical period of development of intellectual abilities in subsequent life (Gale et al. 2004; Räikkonen et al. 2009 ). Faster growth of the brain and central nervous system resulting in earlier motor development in infancy (Malina 2004 ) may have far-reaching effects on cognitive reserve capacity in older age , which might partly explain the finding of our study. Although adjustment for educational attainment did not notably attenuate the associations in the present study, the results of the other studies might suggest that earlier motor development in infancy may increase opportunities to attain higher educational achievements in later life (Taanila et al. 2005) which are further associated with better cognitive performance (Deary et al. 2007) . Earlier motor development together with faster maturation of basic neural circuits may lead to more favorable development of brain neural circuits which are involved in higher cognitive processes in later life .
As population ages, risks for decline in cognitive function threaten the independence and quality of life of older people and challenge the health care system (Dodge et al. 2005; Johansson et al. 2012) . However, there is great variability among older persons in the rate of decline across various domains of cognitive performance (Wilson et al. 2002) . This can be explained partly by neurobiological factor such as the size and structure of the brain (Haier et al. 2004) . The concept of reserve in neuroscience indicates that structure and functioning of the brain can protect from the effects of neuropathology. The greater the reserve, the less severe the decline in cognitive performance (Richards and Deary 2005; Stern 2009 ). Cognitive performance outcomes in this study, i.e., psychomotor speed, visual attention, working memory, divided attention, and associated learning, all of which are dimensions of executive functioning, are needed for successful performance in everyday life (Bell-McGinty et al. 2002; Wang et al. 2002) .
One of the strengths of this study is the longitudinal study design. We were able to use registerbased data on age at first walking gathered from child welfare clinic records which had been filled in by nurses at the close proximity to the age the child learned to walk. Cognitive performance was measured using a sensitive validated computerized testing battery. A computerized test is more instructor-independent resulting in fewer data entry errors compared to traditional paper-and-pencil neuropsychological tests (Collie and Maruff 2003) . In addition, we were able to extend the study to a later age than ever before. There are also some limitations in our study. First, we cannot be completely sure that our results can be generalized to other cohorts. Even though the achievement of motor milestones in infancy is fairly universal, the age of attainment may be culturally influenced (WHO 2006) . Second, our study population comprised people who were born in Helsinki and had attended child welfare clinics. It is likely that this does not bias the sample extensively, because the clinics were free. We cannot entirely rule out the people who were, deceased, declined to participate, or not willing to participate in the clinical examinations between the years 2004 and 2006 that were somehow different from those not interested. However, the participants consist of men and women from all social strata, so this is not likely to bias the results materially either. Unfortunately, we were not able to control for some potentially important early exposures such as parental characteristics because such data were not recorded in the clinics at the time the participants were growing up. Finally, there might have been other possible factors during the life course that may have affected the association between age at first walking and cognitive performance in early old age which we have not been able to control for in this study.
Conclusion
To conclude, our research has shown that persons who learned to walk earlier had better cognitive performance in early old age. Hence, the effects of earlier attainment of motor skills seem to track over to better cognitive functioning in early old age. The contribution of infant motor development should be further explored as an early predictor of cognitive decline. EK (grant no. 127437, 129306, 130326, 134791, and 2639249), and JGE (grant no. 129369, 129907, 135072, 129255, and 126775) . The research leading to these results has received funding from the European Commission within the 7th Framework Programme (DORIAN, grant agreement no 278603). 
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